Traditional blood pressure (BP) methodology is subject to observer error such as terminal digit preference and single number preference leading to inaccuracies in measurement. A high percentage (60-90%) of terminal BP readings digit being zero has been reported from general medical-and hospital-based clinics. This study examined terminal digit preference in a hypertension specialty practice and assessed clinical factors that may be associated with zero preference in this setting. A retrospective chart review of patients presenting to the hypertension clinic at the University of Connecticut Health Center during the month of September 2001 was performed. Data were extracted on age, gender, height, weight, treatment status, and systolic and diastolic BP measurements taken by nursing staff and attending physicians. Terminal digit preference was apparent in BP readings taken by both nursing staff and physicians. Zero was the terminal systolic BP digit in 40% of readings taken by the nursing staff and 31% of readings taken by physicians. For diastolic BP readings, the percentages were 23 and 36%, respectively. Nurses also recorded 43% of diastolic BP readings with terminal digit 2. Age was significantly higher in those persons in whom the physician diastolic BP terminal digit was zero than in those with nonzero terminal digits (67 7 14 vs 59 7 18 years, P ¼ 0.008). Body mass index was lower in the patient group with diastolic terminal digit zero bias compared to those with nonzero terminal digits (28 7 5 vs 32 7 6 kg/m 2 , P ¼ 0.02). In conclusion, although the frequency of zero digit preference did not reach the 60-80% levels found in previous studies, there was evidence of terminal digit preference in the systolic and diastolic measurements taken by nursing staff and attending physicians in a specialist hypertension clinic. We believe that the lower levels of terminal digit preference observed are an effect of increased training in proper BP measurement and technique. However, the observed bias in measurement even in a hypertension unit argues for regular monitoring and feedback to minimize such errors.
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Introduction
Blood pressure (BP) measurement is prone to inaccuracy due to use of malfunctioning or ill-fitting equipment, improper technique, or observer errors. Studies have revealed a significant lack of training in BP measurement among health-care providers.
1,2
Feher et al 1 found that 80% of junior hospital doctors in London did not know the recommended deflation rate for the mercury column and 33% reported to have never received formal training in BP measurement. Similarly, Kemp et al 2 in a study of 129 hospital staff members showed that less than 10% could identify the correct rate of deflation and only 30% recorded BP to the nearest 2 mmHg increment.
Observer biases including duplication of previous readings, rounding to or below preset cutoffs for the diagnosis of hypertension, and rounding to a certain digit account for significant inaccuracies in BP measurement. Terminal digit preference typically zero is the tendency to round readings to a certain number leading to the overestimation or underestimation of actual BP. This problem affects the diagnosis of hypertension, the assessment of adequacy of antihypertensive treatment, and the validity of data of clinical trials. [3] [4] [5] [6] [7] Even in the large Systolic Hypertension in Europe (Syst-Eur) trial, 7 42% of initial sitting systolic BP readings ended in zero, but monitoring and feedback reduced this to 20-30% during the trial. Therefore, training and continuous quality control is needed when BP is measured.
Based on the calibration of mercury sphygmomanometers in increments of 2 mmHg, individual readings should only end in the digits 0,2,4,6, or 8.
Previous studies including normotensive and hypertensive populations within hospitals and primary care ambulatory settings have found that between 60 and 80% of the measurements have a terminal digit of zero. 5, [8] [9] [10] [11] Patterson 8 observed 84% of the systolic readings and 65% of the diastolic readings had a terminal digit of zero in 1072 patients being seen over 2.5 year period in a general medical clinic. In Wen's 9 review of 28 694 pregnant women presenting at Montreal's Royal Victoria Hospital for delivery between 1982 and 1990, 78% of the BP readings had a terminal digit of zero. Therefore, zero preference is highly prevalent in office BP measurement in a variety of practice settings including clinical trials.
We postulated that clinical providers in a hypertension specialty clinic would show less terminal digit bias than those values reported in previous studies given the training in the proper technique and the constant attention to accurate BP measurement in this environment. We anticipated that our results would resemble those reported from clinical trials rather than clinical practice settings. In addition, we sought clinical and demographic features that may account for the increased terminal digit preference. A retrospective analysis was performed on charts of patients presenting to the hypertension clinic at the University of Connecticut Health Center to determine the frequency of terminal digit preference in systolic and diastolic readings taken by nurses and attending physicians.
Methods
The study was approved by the University's Institutional Review Board. Charts were selected from patients presenting to the hypertension clinic at the University of Connecticut Health Center over a 3-week period in September 2001. In our clinical hypertension practice, the nurses measure the patient's height and weight and record a current medication list at the beginning of each visit. Then, up to two seated BP and heart rate readings are taken and the average recorded. The physicians repeat the BP and heart rate measurements during the visit, varying from 5 to 15 min later. Wall-mounted eye level mercury sphygmomanometers were the only devices used in the hypertension clinic during the study period.
A total of 160 charts were reviewed and data on height, weight, age, gender, treatment status (presence or absence of antihypertensive treatment), type of visit (new or established), and systolic and diastolic BP measurements were extracted. Charts were excluded from the analysis due to missing data such as BP measurements, or absence of a height and weight. In all, 57 charts were eliminated due to missing data. In those charts with multiple readings, only the first measurements by the nurse and the physician were included.
Data analysis
A distribution plot of the terminal digits for the physicians and nurses was completed to show the frequency of BP readings for systolic and diastolic BP that have 0, 2, 4, 6, 8, or an odd digit as their last digit. A w 2 comparison was performed to examine for significant differences. Demographic parameters were compared using w 2 or Student's t-test as appropriate in the group of patients with zero digit preference and the group without. Finally, a logistic regression analysis was performed for zero and nonzero systolic and diastolic readings separately and included patient's age, body mass index, gender, and type of visit as predictor variables to assess independent predictors of zero bias. Individual practitioners were not analysed as this would reduce the number of readings for analysis.
Results
The demographic features of the hypertension clinic patients included in the analysis are shown in Table 1 . All patients were already receiving antihypertensive drug therapy when seen in the hypertension clinic. The average age of the patients was 62 7 15 years with a body mass index of 31 7 6 kg/ m 2 . There were almost equal numbers of males (n ¼ 51) and females (n ¼ 52) included. The majority of the patients presenting over this 4-week period came in for follow-up visits (83%).
The distribution of terminal digits for systolic BP readings by a nurse revealed that 40% ended in 0 (41/103), 28% ended in 2 (29/103), 13% ended in 4 (13/103), 9% ended in 6 (9/103), 10% ended in 8 (10/103), and o1% ended in odd digits (1/103). For diastolic BP readings by a nurse, 23% ended in zero (24/103), 43% ended in 2 (44/103), 7% ended in 4 (7/103), 9% ended in 6 (9/103), 18% ended in 8 (18/ 103), and o1% ended in an odd digit (n ¼ 1). A similar pattern was observed for physician-measured BP readings (Figures 1 and 2) . These results are better than most clinical reports of terminal digit bias (Table 2 ) and more resemble those seen in clinical trials. A logistic regression analysis revealed that for physician diastolic BP measurements, there was significantly less zero digit preference in younger patients (P ¼ 0.024). There was also a trend towards less zero digit preference in patients with higher body mass index (P ¼ 0.081). For nurse-measured BP readings, no significant clinical predictors were seen for belonging to the zero preference group.
Discussion
We found a terminal digit zero preference in our hypertension specialty clinic with 40% of the systolic and 23% of the diastolic readings by nurses and 31% of the systolic and 36% of the diastolic measurements by physicians ending in the number zero. We also found that the percentage of zero digit preference is below the 60-80% reported in most studies cited in the literature (Table 2) , 1,2,9 although higher than the acceptable range (10-29%) of zero preference used in clinical trials. 7 The lower levels within the hypertension subspecialty practice compared to levels in clinical practice settings is probably due to increased training in proper technique of BP measurement and greater attention to accurate readings. But even with proper training and appropriate equipment, inaccuracies in BP measurement are present, stressing the importance of the observer to recognize potential biases. This was demonstrated in the quality control sub-study of the Syst-Eur trial in which the level of terminal digit zero preference (42% at the initiation of the trial) was reduced by monitoring and feedback to levels approaching expected frequencies (22% after 6 years). 7 This stresses the importance of feedback and monitoring to raise an observer's awareness for potential bias. The American Heart Association Medical Statement on BP measurement 12 emphasizes the need for retraining and recertification in BP measurement in an effort to reduce errors and increase reproducibility.
There was increased frequency of BP readings ending in zero, two, or eight. For physician measurements, only 11% of systolic readings and 22% of diastolic reading had a terminal digit of four or six. It is unclear why there is this tendency. In Patterson's 8 study involving 1072 patients in a general medical clinic, there was a significant zero preference with 84% of the systolic readings ending in zero. Although overall there was not an increased frequency of the terminal digit two or eight, for those diagnostic cutoffs (thresholds for classifying controlled hypertension) there was an increased frequency of readings ending in eight. 8 Our data suggest that there is less zero preference in younger patients and those with larger body mass indices. A possible explanation for the decreased Terminal digit bias and hypertension specialists S Thavarajah et al zero digit preference in these two groups is the increased concern over misdiagnosis in obese and young patients referred to a hypertension subspecialty practice and a subsequent increased attention to accurate BP measurement. A similar trend was found in a study looking at the accuracy of BP measurement in three family practice resident clinics in Pennsylvania. 13 In addition to series of BP measurements, features such as body mass index and cardiovascular diseases were noted to identify those factors that could contribute to inaccurate readings. The systolic readings for obese patients were more accurate.
Terminal digit preference may have serious consequences. Within the hospital or ambulatory setting, there is the potential for misdiagnosis of hypertension and the inability to assess accurately treatment effect of antihypertensive agents as demonstrated by two previous studies. 6, 9 A review of BP measurements in 146 nursing home patients revealed significant terminal digit preference and subsequent underestimation of systolic pressure and overestimation of diastolic pressure, resulting in misclassification of hypertension in 21% of the patients. 6 In the study of the 28 694 pregnant patients presenting to the hospital for delivery where 78% of the readings had a terminal digit of zero, by reclassifying the threshold of hypertension as 4141 instead of 4140, there was a reduction in the prevalence of hypertension from 25.9 to 13.3%. 9 In the study of 1072 patients in a general medical clinic with 84% of the systolic and 65% of the diastolic readings ending in zero, there was also an increased frequency of the digit eight when readings approached thresholds for defining controlled hypertension. 8 The effect of terminal digit preference may also be seen in clinical trials as well. In the Syst-Eur trial where the goal systolic BP was less than 150 mmHg, there was increased frequency of the systolic BP of 148 mmHg, 7 a clear number preference related to a predetermined goal BP. More serious consequences may occur, and one study 14 has reported an increased likelihood of death in females with bias in their BP measurement suggesting that the quality of BP measurements may have long-lasting and serious effects on outcome.
These studies illustrate that even with use of appropriate equipment and the knowledge of the proper technique of BP measurement, observer biases can lead to inaccurate readings with implications about the validity of data and the management of hypertension. The use of automatic monitors eliminates the observer biases and results in more reproducible, accurate readings. Many clinical trials have incorporated use of home BP monitoring and ambulatory BP monitoring, [15] [16] [17] which remove observer bias. The findings in this and previous studies raise the concern that traditional office BP measurements have significant limitations for diagnosis and management of hypertension. Regular monitoring and feedback of terminal digit and number preference should be considered as routine aspects of quality control in hypertension clinics.
